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Efficacy of Intra-Articular Hypertonic Dextrose  
(Prolotherapy) for Knee Osteoarthritis: A Randomized 
Controlled Trial

ABSTRACT
PURPOSE To test the efficacy of intra-articular hypertonic dextrose prolotherapy 
(DPT) vs normal saline (NS) injection for knee osteoarthritis (KOA).

METHODS A single-center, parallel-group, blinded, randomized controlled trial 
was conducted at a university primary care clinic in Hong Kong. Patients with 
KOA (n = 76) were randomly allocated (1:1) to DPT or NS groups for injec-
tions at weeks 0, 4, 8, and 16. The primary outcome was the Western Ontario 
McMaster University Osteoarthritis Index (WOMAC; 0-100 points) pain score. The 
secondary outcomes were the WOMAC composite, function and stiffness scores; 
objectively assessed physical function test results; visual analogue scale (VAS) for 
knee pain; and EuroQol-5D score. All outcomes were evaluated at baseline and at 
16, 26, and 52 weeks using linear mixed model.

RESULTS Randomization produced similar groups. The WOMAC pain score at 52 
weeks showed a difference-in-difference estimate of –10.34 (95% CI, –19.20 to 
–1.49, P = 0.022) points. A similar favorable effect was shown on the difference-
in-difference estimate on WOMAC function score of –9.55 (95% CI, –17.72 
to –1.39, P = 0.022), WOMAC composite score of –9.65 (95% CI, –17.77 to 
–1.53, P = 0.020), VAS pain intensity score of –10.98 (95% CI, –21.36 to –0.61, 
P = 0.038), and EuroQol-5D VAS score of 8.64 (95% CI, 1.36 to 5.92, P = 0.020). 
No adverse events were reported.

CONCLUSION Intra-articular dextrose prolotherapy injections reduced pain, 
improved function and quality of life in patients with KOA compared with 
blinded saline injections. The procedure is straightforward and safe; the adher-
ence and satisfaction were high.

Ann Fam Med 2020;18:235-242. https://doi.org/10.1370/afm.2520.

INTRODUCTION

Knee osteoarthritis (KOA) is ubiquitous in primary care, leading to 
pain, disability, and substantial patient and societal costs.1,2 Con-
servative care is limited. While exercise and weight reduction are 

effective, the degenerative nature of osteoarthritis and the difficulty of 
behavioral change appears to limit success.3 Recent studies have confirmed 
that paracetamol (acetaminophen) confers minimal benefit.4,5 Although 
nonsteroidal anti-inflammatory drugs are effective, their safety profiles 
remain a significant concern.6 Other options such as physical therapy, 
acupuncture, and herbal treatments have marginal effectiveness.7 Other 
conservative measures, including intra-articular corticosteroid and hyal-
uronic acid offer short-term benefit but have safety limitations.8 Total knee 
replacement is effective, but is costly and carries operative risk.9 There-
fore, identification of safe and effective nonsurgical therapy remains a high 
priority in clinical practice and orthopedic research.10

Prolotherapy is an injection therapy used to treat chronic painful 
musculoskeletal conditions, including KOA.11,12 While various injectants 
have been used, hypertonic dextrose has been used since the 1950s, is 
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the most common injection used, and is the most 
studied. Hypertonic dextrose prolotherapy (DPT) has 
historically been understood to facilitate healing and 
subsequent pain control through tissue proliferation 
potentially mediated by an inflammatory mechanism.12 
The standard prolotherapy injection protocol involves 
a whole joint approach with both intra-articular injec-
tions into synovial spaces and extra-articular injections 
at soft tissue bony attachments.13,14 Improvements in 
knee pain and function have been reported in random-
ized controlled trials (RCTs),15,16 systematic reviews 
and meta-analyses.17,18 However, the independent 
contributions of the intra-articular vs extra-articular 
injections is not known. The standard procedure 
is uncomfortable because of the multiple injections 
required, and premedication with opioid analgesics has 
been used.15 In addition, the extra-articular injection 
protocol requires specialized training not typically 
received in conventional medical education. These fac-
tors may limit patient access to prolotherapy.

Positive effects of an abbreviated protocol (intra-
articular injection alone) have been reported, though 
studies are limited by poor design, small sample size, 
or lack of a control therapy.19-23 Primary care provid-
ers are well positioned to perform an abbreviated 
technique, given that intra-articular knee injections are 
straightforward to perform and safe. We therefore con-
ducted a 1-year blinded RCT to assess the efficacy of a 
brief intervention version of DPT.

METHODS
The Joint Chinese University of Hong Kong–New 
Territories East Cluster Clinical Research Ethics Com-
mittee (approval number 2014.059) approved this 
study. Written informed consent was obtained from all 
participants in the study. The detailed methodology 
has been reported.24

Study Participants and Setting
We enrolled patients from the general outpatient clin-
ics in the New Territories East region of Hong Kong 
from February 2016 through October 2017. The inclu-
sion criteria were: age 45–75 years; diagnosis of KOA 
based on clinical and radiographic criteria as defined 
by the American Rheumatology College25; moderate 
to severe knee pain for at least 3 months, defined as a 
score of ≥3 (on a 0–6-point ordinal scale) in response 
to the question “What is the average level of your left/
right knee pain in the past 3 months?”; and failure to 
achieve a reduction to less than 3 points, using the 
same pain scale, after 6 months of conservative care. 
The exclusion criteria included: corn allergy26,27; previ-
ous knee replacement surgery; pregnancy; body mass 

index ≥35; current anti-coagulant therapy; knee injec-
tions within the previous 3 months; a diagnosis of 
inflammatory or post-infectious knee arthritis, gouty 
arthritis, psoriatic arthritis, or septic arthritis; signifi-
cant effusion as defined by a ballotable patella; and 
comorbidity or lifestyle factors precluding participa-
tion in the study.

Randomization, Allocation, Concealment, 
and Blinding
Blocked randomization (1:1) was undertaken by an 
off-site statistician using Random Allocation Software 
to allocate patients to the DPT group or the normal 
saline (NS) group.28 The randomization sequence was 
concealed using the sequentially numbered, opaque 
sealed envelope procedure.29 The envelopes were kept 
by a person uninvolved in participant care or evalua-
tion, or in the data analysis. Blinding ceased when the 
envelopes were opened at 52 weeks.

Two registered nurses not involved in participant 
care and independent of the trial prepared the syringes 
containing DPT or NS. The dextrose and saline solu-
tions were odorless and identical in color; syringes 
were wrapped in aluminum foil to mask viscosity. 
The principal investigator, study coordinator, and the 
practitioner who performed the injections were blind 
to treatment allocation. Participants were blinded to 
treatment group status, knowing only their randomiza-
tion group number. Research assistants collected all 
data during face-to-face interviews; the assistants were 
blind to allocation status. Data entry was performed by 
personnel external to the research team.

Intervention
Participants were placed in the supine position. Fol-
lowing aseptic preparation and injection of 1 ml of 
1% lidocaine HCL (Xylocaine) as a bleb of local anes-
thetic, the study injection was administered under 
ultrasound guidance (using a linear probe and in-plane 
approach) with a 25-gauge needle directed to the 
suprapatellar pouch to ensure injection into the joint 
space. If both knees were painful, the more painful 
knee was injected. Injections were administered at 
weeks 0, 4, 8, and 16 in both study groups.

The DPT solution comprised 5 ml of 25% dextrose, 
the concentration commonly used for intra-articular 
dextrose prolotherapy injection in previous studies.14,15 
The solution was prepared by mixing 2.5 ml of 50% 
dextrose with 2.5 ml of sterile water. Participants in the 
control group received 5-ml injections of normal saline. 
Details of post-injection care are in the study protocol.24

Usual care was continued in both groups. Con-
ventional medications, physical therapy, acupuncture, 
herbal medicines, over-the-counter drugs, and other 
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active treatments were discouraged but allowed and 
tracked during the study period. All participants were 
asked to avoid other injection therapies during this time.

Outcome Measures
Outcome measures were assessed at baseline (week 0) 
and at 16, 26, and 52 weeks except for EuroQol-5D 
that was assessed at half year intervals (weeks 0, 26, 
and 52). The primary outcome was the Western 
Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC; 0-100 points) pain score at 52 weeks, 
considered the gold standard of self-reported mea-
sures in KOA trials.30,31 The minimal clinical impor-
tant difference of the WOMAC composite score has 
been reported as 12 points or more for rehabilitation 
interventions for osteoarthritis.32 A validated Chinese 
version of the WOMAC was used in this study.33 The 
secondary outcomes were: the WOMAC function, 
stiffness, and composite score subscales; 3 objective 
physical function measures recommended for use in 
KOA trials (the 30-second chair stand performance 
test, the 40-meter fast-paced walk test, and the timed 
up and go test).34 The EuroQol-5D questionnaire was 
used to measure health-related quality of life.35 The 
visual analogue scale score in response to the ques-
tion “What is your average pain score upon walking in 
the past 48 hours?” was recorded as a unidimensional 
pain measurement on a 0–100-mm scale. Seven-day 
recall diaries were used to calculate the number of 
participants who had used analgesic medications in 
the previous week. To assess the success of blinding, 
participants were asked to guess their group status at 
52 weeks. Treatment satisfaction was tested by asking 
“Would you recommend the therapy to others with 
knee OA like yours?”

Demographics, body weight, height, duration of 
knee pain, and prior knee interventions were recorded. 
Baseline physical activity status was assessed using the 
International Physical Activity Questionnaire.36 The 
Kellgren-Lawrence classification system37 was used 
to grade the severity of KOA on existing knee radio-
graphs. Adverse events were recorded at each visit.

Sample Size and Statistical Analysis
Sample size calculation and analysis were reported.24 
Briefly, we calculated the sample size based on the 
response to DPT and NS interventions in 2 RCTs.23,38 
The participants in these 2 trials had comparable base-
line characteristics. The mean (standard deviation) dif-
ference between the WOMAC score at 26 weeks and 
at baseline was 25.2 (20.3) points for DPT23 and 9.53 
(26.6) points for NS.26 Assuming a pooled standard 
deviation of 26.6, 34 participants in each group had 
80% power to detect a significant effect size of 0.70 in 

a 2-sample t-test with an alpha set at 0.05. Assuming a 
10% dropout rate, 76 participants were required.

Baseline characteristics of the 2 groups are pre-
sented as mean and standard deviation for continuous 
variables and as number and percentage for categorical 
variables. International Physical Activity Questionnaire 
scores are reported as median and interquartile range. 
We conducted linear mixed models analysis for both 
primary and secondary outcomes to investigate sig-
nificant changes over time following the intention-to-
treat principle. A nonlinear relationship over time was 
commonly observed in various outcomes, therefore, 
time was treated as a categorical variable to capture 
the nonlinear relationship. We assumed the outcomes 
between groups at baseline were equal and reflected 
by the intercept term. Treatment variable was not part 
of the model but its interaction with time was still in 
the model.39 The overall treatment effect of nonlinear 
relationship was examined by linear mixed models 
analysis, with time indicator 0 for baseline and 1 for 
follow-up visits. We used the statistical package IBM 
SPSS Statistics version 21.0 (IBM Corp) and R version 
3.4.3 (Project for Statistical Computing). All statisti-
cal tests were 2-tailed with a significance level of 0.05. 
Maintenance of blinding was analyzed and interpreted 
using an established procedure.40

Only 2 study participants (both in the NS group) 
were lost to follow-up by week 52, minimizing the 
potential for bias and reduction in power due to 
missing data. Assuming missing data were missing 
at random, the linear mixed model, which used all 
available data for the full likelihood optimization, 
produced results that were comparable with those 
of other approaches, such as multivariate imputation 
using chained equations. Therefore, the missing data 
were left as missing and no imputation method was 
employed. A stopping rule was applied to participants 
who underwent total knee replacement or experienced 
severe adverse events during the study period.

RESULTS 
Of the 205 participants considered for inclusion in the 
trial, 76 met eligibility criteria and were enrolled and 
randomized into 2 groups containing 38 participants 
each (Figure 1). All participants completed the baseline 
questionnaire and were included in the intention-to-
treat analysis. Participants adhered to the protocol of 
4 planned injections except for 1 DPT participant that 
missed the last injection. Two participants in the NS 
group were lost to follow-up.

The study participants had a mean age of 63.2 
years, 71% were female, 21% were overweight, and 
46% were obese. Mean duration of knee pain was 
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8.9 years, and 75% had a Kellgren-Lawrence sever-
ity grade of 2 or 3. Fifty-two percent were minimally 
active and 42% participated in health-enhancing physi-
cal activity (Table 1).

In our primary linear mixed models analysis, all out-
comes demonstrated a positive trend favoring the DPT 
group over the NS group. The WOMAC pain score 
at 52 weeks showed a difference-in-difference esti-
mate of –10.34 (95% CI, –19.20 to –1.49, P = 0.022). 

The improvement was confirmed by the overall 
trend of –8.26 (95% CI, –14.83 to –1.69, P = 0.014). 
Similar favorable effect was shown on the difference-
in-difference estimate on WOMAC function score 
of –9.55 (95% CI, –17.72 to –1.39, P = 0.022), the 
WOMAC composite score of –9.65 (95% CI, –17.77 
to –1.53, P = 0.020), visual analogue scale (VAS) pain 
intensity score of –10.98 (95% CI, –21.36 to –0.61, 
P = 0.038) and EuroQol-5D VAS score of 8.64 (95% 

CI, 1.36 to 15.92, P = 0.020). An 
overall trend of improvement was 
also observed in the EuroQol-5D 
index score of 0.09 (95% CI, 0.01 
to 0.18, P = 0.037). (Table 2 and 
Figure 2, Supplemental Appendix 
1 and Supplemental Appendix 
2, http://www.AnnFamMed.
org/content/18/3/235/suppl/
DC1/). There were no statisti-
cal differences in objectively 
assessed functional outcomes 
(Table 2) or medication use 
(P = 0.350) (Supplemental Appen-
dix 3, http://www.AnnFamMed.
org/content/18/3/235/suppl/
DC1/). Blinding was success-
ful (Supplemental Appendix 4, 
http://www.AnnFamMed.org/
content/18/3/235/suppl/DC1/). In 
terms of treatment satisfaction, 
94.7% in the DPT group and 
91.7% in the NS group reported 
that they would recommend the 
treatment to others (P = 0.670). 
The within-group improvements 
in the WOMAC composite scores 
of the DPT and NS groups were 
20.9 and 9.4, respectively.

Eight serious adverse events 
were reported during the 52-week 
study period. Two occurred in 
the DPT group and 6 in the NS 
group. None were related to study 
interventions. One participant 
in each group underwent a total 
knee replacement between 26 and 
52 weeks.

DISCUSSION
This randomized controlled trial 
assessing intra-articular DPT for 
symptomatic KOA found statisti-
cally significant improvement 

Figure 1. Study flowchart.

205 Telephone screening for 
eligibility by research assistant

91 Excluded 

 27 Failed inclusion criteria

 54 Declined to participate 

 10 Could not be contacted

114 Assessed for eligibility 
by principal investigator

38 Excluded 

 10 Failed inclusion criteria 

 24 Declined to participate 

 4 Other reason

76 Randomized

38 Allocated to dextrose injection 

 37  Received allocated interven-
tion at months 0, 1, 2, and 4 

 1  Participant did not receive 
the last injection

38 Allocated to normal saline 
injection 

38 Received allocated interven-
tion at months 0, 1, 2, and 4

38 Assessment completed38 Assessment completed

38 Assessment completed 38 Assessment completed

38 Assessment completed 

1 Participant underwent 
total knee replacement

38 Analyzed

36 Assessment completed

2 Lost to follow-up 

1 Participant underwent 
total knee replacement

38 Analyzed

Week 16

Week 52

Week 24
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in the DPT group compared with NS group on the 
primary outcome of WOMAC pain score at 52 weeks. 
Beneficial effects were also demonstrated in WOMAC 
function, WOMAC composite, VAS pain intensity, and 
EuroQol-5D VAS and index scores. The change was 
clinically meaningful, with the composite WOMAC 
score improvement in the DPT group exceeded the 
minimal clinical important differ-
ence of 12 points at 52 weeks.32 No 
procedure-related adverse events 
were reported; adherence to and 
satisfaction with the treatment pro-
tocol was high.

Both the DPT and NS groups 
demonstrated an overall improve-
ment of WOMAC composite score 
from baseline. Recent studies have 
reported that NS serves as an active 
control instead of a true placebo in 
KOA injection trials.41 One hypoth-
esis for this mechanism of action 
is the dilution of inflammatory 
mediators within the knee, provid-
ing relief of perceived pain and sub-
jective stiffness; the potential of a 
biologic disease-modifying effect of 
NS cannot be excluded.41,42 Unlike 
the DPT group, however, the over-
all improvement in the WOMAC 
composite score in the NS group 
was less than the predefined mini-
mal clinical important difference on 
the WOMAC for KOA trials.32 

The DPT group also reported 
significant improvement of the 
EuroQol-5D VAS score at 52 
weeks; the overall trend of improve-
ment in the EuroQol-5D index also 
exceeded its minimal clinical impor-
tant difference of 0.07 points in 
patients with KOA.43 EuroQol-5D 
is a well-known quality of life mea-
surement with fair responsiveness 
of improvement.43 Therefore, the 
improved EuroQol-5D score in the 
DPT group suggests a potential 
global effect of this knee-specific 
intervention.

Our findings are compa-
rable to the standard whole-joint 
intra-articular and extra-articular 
approach. In Rabago’s study,15 the 
difference-in-difference estimates 
between the DPT and the NS 

group were –6.8 in the WOMAC pain score and –10.8 
in the WOMAC function score. While we were able to 
achieve similar pain and functional improvement, the 
intra-articular approach is simpler and less painful.15 
Our findings are also consistent with other studies that 
have tested an intra-articular DPT protocol for KOA. 
Reeves et al reported an improved VAS pain intensity 

Table 1. Baseline Demographic and Clinical Characteristics of the 
Dextrose and Normal Saline Injection Groupsa

Characteristic
Total 

(n = 76)
DPT 

(n = 38)
NS 

(n = 38)

Age, y 63.2 (5.5) 62.8 (5.8) 63.7 (5.2)

Body mass index, No. (%) 24.5 (3.3) 24.0 (3.4) 25.0 (3.3)

Normal (18.5–22.9) 24 (31.6) 15 (39.5) 9 (23.7)

Underweight (<18.5) 1 (1.3) 1 (2.6) 0 (0.0)

Overweight (23–24.9) 16 (21.1) 6 (15.8) 10 (26.3)

Obese (≥25) 35 (46.1) 16 (42.1) 19 (50.0)

Sex, No. (%)

Male 22 (28.9) 11 (28.9) 11 (28.9)

Female 54 (71.1) 27 (71.1) 27 (71.1)

Duration of knee pain, y 8.9 (8.0) 9.7 (9.8) 8.2 (5.7)

Previous knee interventions, No. (%) 48 (63.2) 27 (71.1) 21 (55.3)

Knee exercise 6 (7.9) 6 (15.8) 0 (0.0)

Physiotherapy 33 (43.4) 17 (44.7) 16 (42.1)

Traditional Chinese medicine 28 (36.8) 16 (42.1) 12 (31.6)

Other 4 (5.3) 4 (10.5) 0 (0.0)

OA knee pain intensity (VAS: 0–100) 61.6 (20.2) 63.1 (21.2) 60.1 (19.2)

Kellgren-Lawrence grading, No. (%)

0 - Normal or 1 - Doubtful JSN and 
possible osteophytic lipping

13 (17.1) 8 (21.1) 5 (13.2)

2 - Definite osteophytes and possible 
JSN on anteroposterior weight-
bearing radiograph

28 (36.8) 12 (31.6) 16 (42.1)

3 - Multiple osteophytes, definite JSN, 
sclerosis, possible bony deformity

29 (38.2) 16 (42.1) 13 (34.2)

4 - Large osteophytes, marked JSN, 
severe sclerosis and definite bony 
deformity

6 (7.9) 2 (5.3) 4 (10.5)

IPAQ (Met), median (IQR) 2,620 (2,779) 2,991 (2,626) 2,333 (2,066)

Inactive, No. (%) 4 (5.3) 1 (2.6) 3 (7.9)

Minimally active, No. (%) 40 (52.6) 16 (42.1) 24 (63.2)

Undertakes HEPA, No. (%) 32 (42.1) 21 (55.3) 11 (28.9)

WOMAC (pain) 47.0 (21.9) 49.9 (23.1) 44.0 (20.4)

WOMAC (stiffness) 47.4 (26.5) 48.0 (26.3) 46.8 (27.0)

WOMAC (function) 47.5 (21.9) 49.0 (21.8) 45.9 (22.1)

WOMAC (composite) 47.4 (21.4) 49.1 (21.8) 45.6 (21.2)

Timed up and go 12.6 (5.8) 12.6 (7.1) 12.5 (4.3)

30-second chair stand 8.5 (2.8) 8.6 (2.6) 8.5 (3.0)

40-m fast-paced walk 42.4 (13.7) 42.1 (12.9) 42.7 (14.6)

EuroQol-5D VAS 67.7 (15.6) 70.1 (13.5) 65.3 (17.3)

EuroQol-5D index score 0.564 
(0.305)

0.569 
(0.295)

0.558 
(0.318)

DPT = dextrose prolotherapy; HEPA = health-enhancing physical activity; IPAQ = International Physical 
Activity Questionnaire; IQR = interquartile range; JSN = joint space narrowing; Met = metabolic equiva-
lent; NS = normal saline; OA = osteoarthritis; SD = standard deviation; VAS = visual analogue scale; 
WOMAC = Western Ontario McMaster University Osteoarthritis Index.

a The data are shown as the mean (SD) unless otherwise indicated.
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score at 6 months.19 Eslamian et al and Topol et al also 
reported a reduction in the WOMAC pain score at 6 
and 9 months, respectively.20,21 However, direct com-
parisons between studies are limited by heterogeneity 
of study eligibility criteria, use of different comparison 
groups, overall health status of patients, baseline sever-
ity of KOA, and dextrose concentrations used.

Our findings are also comparable with those of 
other intra-articular injection therapies for KOA. Intra-
articular corticosteroid is known to provide short-term 
pain relief up to 4 weeks, but clinically important 
benefits after 1 to 6 weeks remain unclear.44 Therefore, 
coriticosteroid use is usually indicated for acute inflam-
matory flares. Intra-articular injection of hyaluronic 
acid appears to have longer pain 
relief with peak effects at 8 weeks, 
which then diminishes to a barely 
detectable effect by 24 months.45 
Intra-articular platelet-rich plasma 
is an emerging therapy but high-
quality scientific evidence of effi-
cacy is still lacking.46 The positive 
and enduring effect of DPT (to 
52 weeks) in this trial suggests 
DPT be considered as a treatment 
option in KOA. Future direct 
comparisons with these therapies 
will help to define their priority in 
clinical practice.

The mechanism of action of 
dextrose in prior studies of prolo-
therapy for KOA has been debated 
but remains unclear in the absence 
of substantive tissue level basic 

science. The clinical result may be from multifactorial 
effects and be associated with both the physical injec-
tion procedure and biologic effects of the injectant. 
Initial clinical and basic science studies of DPT sug-
gest potential mechanisms include stimulation of the 
inflammatory cascade,47 a non-inflammatory proliferant 
effect,48-50 and even chondrogenesis.51

There are few limitations of this study. The lack of 
a usual care group, which is often an exercise group in 
KOA trials, may limit the external validity, though stud-
ies report that DPT is superior to exercise.15,16 We also 
excluded participants with morbid obesity, defined as 
body mass index (BMI) ≥35 kg/m2 in the Asian popula-
tion, which may potentially limit the generalizability to 

Table 2. Results of Group Effect on Outcome Measures Using Linear Mixed Modelsa

Measurement 16 Weeks 26 Weeks 52 Weeks Overall Trendb

Primary outcome

WOMAC (pain) –4.81 (–13.47 to 3.85) –9.73 (–18.39 to –1.07)c –10.34 (–19.20 to –1.49)c –8.26 (–14.83 to –1.69)c

Secondary outcomes

WOMAC (stiffness) –0.74 (–11.06 to 9.58) –5.79 (–16.11 to 4.53) –8.01 (–18.56 to 2.54) –4.73 (–12.61 to 3.15)

WOMAC (function) –4.50 (–12.49 to 3.49) –6.71 (–14.70 to 1.28) –9.55 (–17.72 to –1.39)c –6.84 (–12.99 to –0.69)c

WOMAC (composite) –4.33 (–12.27 to 3.62) –7.34 (–15.28 to 0.61) –9.65 (–17.77 to –1.53)c –7.03 (–13.14 to –0.92)c

Pain intensity (VAS) –3.70 (–13.83 to 6.43) –6.73 (–16.86 to 3.40) –10.98 (–21.36 to –0.61)c –7.02 (–14.50 to 0.46)

Timed up and go –1.13 (–2.74 to 0.49) –1.73 (–3.34 to –0.12)c –0.3 (–2.38 to 0.92) –1.22 (–2.46 to 0.02)

30-second chair stand 0.02 (–0.96 to 0.99) 0.81 (–0.17 to 1.78) 0.03 (–0.96 to 1.03) 0.30 (–0.48 to 1.08)

40-m fast-paced walk –1.07 (–4.29 to 2.16) –2.62 (–5.84 to 0.61) –1.78 (–5.07 to 1.51) –1.84 (–4.40 to 0.71)

EuroQol-5D VAS ... 4.26 (–2.83 to 11.36) 8.64 (1.36 to 15.92)c 6.36 (0.74-11.98)c

EuroQol-5D index score ... 0.10 (–0.004 to 0.21) 0.08 (–0.02 to 0.19) 0.09 (0.01-0.18)c

VAS = visual analogue scale; WOMAC = Western Ontario McMaster University Osteoarthritis Index.

a The data are shown as interaction term between treatment variable and time (95% CI). Normal saline group as the reference group.
b Overall treatment effect is examined with time indicator 0 for baseline and 1 for follow-up visits.
c P value <.05.

Figure 2. Change in observed WOMAC pain score from baseline to 
52 weeks follow up.

WOMAC = Western Ontario McMaster University Osteoarthritis Index.
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this population. Therefore, we conducted a moderation 
analysis to explore whether baseline BMI affected the 
treatment result. We found that there is no effect of BMI 
on pain outcomes in our study population (Supplemen-
tal Appendix 5, available at http://www.AnnFamMed.
org/content/18/3/235/suppl/DC1/). The treatment of 
only 1 painful knee instead of both may not reflect 
the overall efficacy of DPT in real world practice. The 
study did not track the amount of exercise and weight 
loss in each group throughout the year, which may have 
an influence on the outcomes. Language and culture dif-
ferences also limited direct comparisons to other work.

Intra-articular DPT injections reduced pain, 
improved function and quality of life compared with 
NS injections; the beneficial effects endured through 52 
weeks. No adverse events were reported. The adher-
ence and satisfaction to the procedure were high. The 
outcomes associated with the current abbreviated proto-
col compares well with those of the more complex stan-
dard protocol. The single intra-articular injection is easy 
to learn, is part of conventional medical training, and 
is quick and inexpensive. While longer-term follow-up, 
direct comparison with other injection therapies, 
cost-effective analysis, and a better understanding of 
mechanism are needed, the current study suggests that 
intra-articular DPT may be appropriate care for patients 
with KOA refractory to more conservative care.

To read or post commentaries in response to this article, see it 
online at http://www.AnnFamMed.org/content/18/3/235.

Key words: intra-articular hypertonic dextrose; knee osteoarthritis; nor-
mal saline; prolotherapy; randomized clinical trial

Submitted May 29, 2019; submitted, revised, October 23, 2019; 
accepted November 4, 2019.

Author contributions: All participated in the conception and design 
of the study. D.C.C.C. and B.H.K.Y. were responsible for data acquisition 
and analysis. R.W.S.S., D.R., D.K.R., and S.Y.S.W. interpreted the results 
of analyses. R.W.S.S., R.W., and D.R. drafted the manuscript. All authors 
critically revised the manuscript and approved the final version. R.W.S.S. 
and D.R. are the guarantors. R.W.S.S. attests that all listed authors meet 
authorship criteria and none meeting the criteria have been omitted.

Funding support: The study was funded by the Chinese University of 
Hong Kong Direct Grant for Research 2013-14 (HKD 40,000). The fund-
ing body had no role in the study other than funding.

Transparency declaration: The lead author R.W.S.S. affirms that this 
manuscript is an honest, accurate, and transparent account of the study 
being reported; that no important aspects of the study have been 
omitted; and that any discrepancies from the study as planned (and, if 
relevant, registered) have been explained. 

Data sharing: All data in this study are available upon request.

Trial registration: The trial (ChiCTR-IPC-15006617) was registered on 
the Chinese Clinical Trials Registry on June 17, 2015. (http://www.chictr.
org.cn/showprojen.aspx?proj=11247)

Acknowledgments: The authors would like to thank Miss Lyan LY 
Chow for administrative tasks, data collection, and data entry; and Miss 
Lucia WY Tam for nursing support. We thank Dr Julian CY Fong, the 
radiologist from the Hong Kong College of Radiologists, for reporting 
the radiographs. The University of Wisconsin Prolotherapy Education 
and Research Laboratory supports Dr Rabago in collaborative efforts 
(https://www.fammed.wisc.edu/prolotherapy/).

�Supplemental materials: Available at http://www.AnnFamMed.
org/content/18/3/235/suppl/DC1/.

References
	 1. Cross M, Smith E, Hoy D, et al. The global burden of hip and knee 

osteoarthritis:​ estimates from the global burden of disease 2010 
study. Ann Rheum Dis. 2014;​73(7):​1323-1330.

	 2. Sayer EC, Li LC, Kopec JA, Esdaile JM, Cibere J. The effect of 
disease site (knee, hip, hand, foot, lower back or neck) on employ-
ment due to osteoarthritis. PLoS One. 2010;​5 (5):​e10470. 

	 3. Hutton I, Gamble G, McLean G, Butcher H, Gow P, Dalbeth N. 
Obstacles to action in arthritis:​ a community case-control study. Int 
J Rheum Dis. 2009;​12(2):​107-117.

	 4. Leopoldino AO, Machado GC, Ferreira PH, et al. Paracetamol versus 
placebo for knee and hip osteoarthritis. Cochrane Database of Sys-
tematic Reviews. 2019;​(2):​ CD013273.

	 5. Machado GC, Maher CG, Ferreira PH, et al. Efficacy and safety of 
paracetamol for spinal pain and osteoarthritis:​ systematic review 
and meta-analysis of randomised placebo controlled trials. BMJ. 
2015;​350:​h1225.

	 6. da Costa BR, Reichenbach S, Keller N, et al. Effectiveness of non-
steroidal anti-inflammatory drugs for the treatment of pain in 
knee and hip osteoarthritis:​ a network meta-analysis. Lancet. 2017;​
390(10090):​e21-e33.

	 7. Samson DJ, Grant MD, Ratko TA, Bonnell CJ, Ziegler KM, Aronson 
N. Evidence Report/Technology Assessment (Full Report);​ Treatment 
of Primary and Secondary Osteoarthritis of the Knee. Rockville, MD:​ 
Agency for Healthcare Research and Quality;​ 2007.

	 8. Wernecke C, Braun HJ, Dragoo JL. The effect of intra-articular corti-
costeroids on articular cartilage:​ a systematic review. Orthop J Sports 
Med. 2015;​3(5):​e2325967115581163.

	 9. Carr AJ, Robertsson O, Graves S, et al. Knee replacement. Lancet. 
2012;​379(9823):​1331-1340.

	10. Conaghan PG, Kloppenburg M, Schett G, Bijlsma JW;​ EULAR 
osteoarthritis ad hoc committee. Osteoarthritis research priorities:​ 
a report from a EULAR ad hoc expert committee. Ann Rheum Dis. 
2014;​73(8):​1442-1445.

	11. Rabago D, Nourani B. Prolotherapy for osteoarthritis and tendi-
nopathy:​ a descriptive review. Curr Rheumatol Rep. 2017;​19(6):​34.

	12. Reeves KD, Sit RW, Rabago DP. Dextrose prolotherapy:​ a narrative 
review of basic science, clinical research, and best treatment recom-
mendations. Phys Med Rehabil Clin N Am. 2016;​27(4):​783-823.

	13. Hackett G, Hemwall G, Montgomery G. Ligament and Tendon Relax-
ation Treated by Prolotherapy. Oak Brook, IL:​ Institute in Basic Life 
Principles:​ 1991.

	14. Rabago D, Zgierska A, Fortney L, et al. Hypertonic dextrose injec-
tions (prolotherapy) for knee osteoarthritis:​ results of a single-arm 
uncontrolled study with 1-year follow-up. J Altern Complement Med. 
2012;​18(4):​408-414.

	15. Rabago D, Patterson JJ, Mundt M, et al. Dextrose prolotherapy for 
knee osteoarthritis: a randomized controlled trial. Ann Fam Med. 
2013;11(3):229-237.

	16. Dumais R, Benoit C, Dumais A, et al. Effect of regenerative injec-
tion therapy on function and pain in patients with knee osteoarthri-
tis:​ a randomized crossover study. Pain Med. 2012;​13(8):​990-999.

WWW.ANNFAMMED.ORG
WWW.ANNFAMMED.ORG
http://www.AnnFamMed.org/content/18/3/235/suppl/DC1/
http://www.AnnFamMed.org/content/18/3/235/suppl/DC1/
http://www.AnnFamMed.org/content/18/3/235
http://www.chictr.org.cn/showprojen.aspx?proj=11247
http://www.chictr.org.cn/showprojen.aspx?proj=11247
https://www.fammed.wisc.edu/prolotherapy/
http://www.AnnFamMed.org/content/18/3/235/suppl/DC1/
http://www.AnnFamMed.org/content/18/3/235/suppl/DC1/


INTR A-ARTICUL AR DEXTROSE PROLOTHER APY FOR KNEE OSTEOARTHRIT IS

ANNALS OF FAMILY MEDICINE ✦ WWW.ANNFAMMED.ORG ✦ VOL. 18, NO. 3 ✦ MAY/JUNE 2020

242

	17. Sit RW, Chung VCh, Reeves KD, et al. Hypertonic dextrose injec-
tions (prolotherapy) in the treatment of symptomatic knee osteo-
arthritis:​ a systematic review and meta-analysis. Sci Rep. 2016;​6:​
25247.

	18. Hassan F, Trebinjac S, Murrell WD, Maffulli N. The effectiveness of 
prolotherapy in treating knee osteoarthritis in adults:​ a systematic 
review. Br Med Bull. 2017;​122(1):​91-108.

	19. Reeves KD, Hassanein K. Randomized prospective double-blind 
placebo-controlled study of dextrose prolotherapy for knee osteo-
arthritis with or without ACL laxity. Alt Ther Hlth Med. 2000;​6(2):​
68-80.

	20. Eslamian F, Amouzandeh B. Therapeutic effects of prolotherapy 
with intra-articular dextrose injection in patients with moderate 
knee osteoarthritis:​ a single-arm study with 6 months follow up. 
Ther Adv Musculoskelet Dis. 2015;​7(2):​35-44.

	21. Topol GA, Podesta LA, Reeves KD, et al. Chondrogenic effect of 
intra-articular hypertonic-dextrose (prolotherapy) in severe knee 
osteoarthritis. PM R. 2016;​8(11):​1072-1082.

	22. Hashemi SM, Madadi F, Razavi S, Nikooseresht M, Nasiripour S. 
Intra-articular hyaluronic acid injections Vs. dextrose prolotherapy 
in the treatment of osteoarthritic knee pain. Tehran University of 
Medical Sciences. 2012;​70(2).

	23. Hashemi M, Jalili P, Mennati S, et al. The effects of prolotherapy 
with hypertonic dextrose versus prolozone (intraarticular ozone) 
in patients with knee osteoarthritis. Anesth Pain Med. 2015;​5(5):​
e27585.

	24. Sit RWS, Wu RWK, Reeves KD, et al. Efficacy of intra-articular 
hypertonic dextrose prolotherapy versus normal saline for knee 
osteoarthritis:​ a protocol for a triple-blinded randomized controlled 
trial. BMC Complement Altern Med. 2018;​18(1):​157.

	25. Altman R. Criteria for the classification of osteoarthritis of the knee 
and hip. Scandinavian Journal of Rheumatology. 1987;​16(sup65):​31-39.

	26. Randolph T, Rollins J, Walter C. Allergic reactions following the 
intravenous injection of corn sugar (dextrose or glucose). Arch Surg. 
1950;​61(3):​554-564.

	27. Guharoy SR, Barajas M. Probable anaphylactic reaction to corn-
derived dextrose solution. Vet Hum Toxicol. 1991;​33(6):​609-610.

	28. Kernan WN, Viscoli CM, Makuch RW, Brass LM, Horwitz RI. Strati-
fied randomization for clinical trials. J Clin Epidemiol. 1999;​52(1):​
19-26.

	29. Schulz KF, Grimes DA. Allocation concealment in randomised trials:​ 
defending against deciphering. Lancet. 2002;​359(9306):​614-618.

	30. McAlindon TE, Driban JB, Henrotin Y, et al. OARSI Clinical Trials 
Recommendations:​ Design, conduct, and reporting of clinical trials 
for knee osteoarthritis. Osteoarthritis Cartilage. 2015;​23(5):​747-760.

	31. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Val-
idation study of WOMAC:​ a health status instrument for measuring 
clinically important patient relevant outcomes to antirheumatic drug 
therapy in patients with osteoarthritis of the hip or knee. J Rheuma-
tol. 1988;​15(12):​1833-1840.

	32. Angst F, Aeschlimann A, Stucki G. Smallest detectable and mini-
mal clinically important differences of rehabilitation intervention 
with their implications for required sample sizes using WOMAC 
and SF-36 quality of life measurement instruments in patients with 
osteoarthritis of the lower extremities. Arthritis Rheum. 2001;​45(4):​
384-391.

	33. Xie F, Li S-C, Goeree R, et al. Validation of Chinese Western Ontario 
and McMaster Universities Osteoarthritis Index (WOMAC) in 
patients scheduled for total knee replacement. Qual Life Res. 2008;​
17(4):​595-601.

	34. Dobson F, Hinman RS, Roos EM, et al. OARSI recommended 
performance-based tests to assess physical function in people diag-
nosed with hip or knee osteoarthritis. Osteoarthritis Cartilage. 2013;​
21(8):​1042-1052.

	35. Fransen M, Edmonds J. Reliability and validity of the EuroQol in 
patients with osteoarthritis of the knee. Rheumatology (Oxford). 
1999;​38(9):​807-813.

36. Qu NN, Li KJ. Study on the reliability and validity of international 
physical activity questionnaire (Chinese Vision, IPAQ). Zhonghua Liu 
Xing Bing Xue Za Zhi. 2004;25(3):265-68

37. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. 
Ann Rheum Dis. 1957;16(4):494-502.

38. Auw Yang KG, Raijmakers NJ, van Arkel ER, et al. Autologous 
interleukin-1 receptor antagonist improves function and symp-
toms in osteoarthritis when compared to placebo in a prospective 
randomized controlled trial. Osteoarthritis Cartilage. 2008;​16(4):​
498-505.

	39. Twisk J, Bosman L, Hoekstra T, Rijnhart J, Welten M, Heymans M. 
Different ways to estimate treatment effects in randomised con-
trolled trials. Contemp Clin Trials Comm. 2018;​10:​80-85.

	40. Bang H, Ni L, Davis CE. Assessment of blinding in clinical trials. 
Control Clin Trials. 2004;​25(2):​143-156.

	41. Saltzman BM, Leroux T, Meyer MA, et al. The therapeutic effect 
of intra-articular normal saline injections for knee osteoarthritis:​ 
a meta-analysis of evidence level 1 studies. Am J Sports Med. 2017;​
45(11):​2647-2653.

	42. Bar-Or D, Rael LT, Brody EN. Use of saline as a placebo in intra-
articular injections in osteoarthritis:​ potential contributions to noci-
ceptive pain relief. Open Rheumatol J. 2017;​11:​16-22.

	43. Bilbao A, García-Pérez L, Arenaza JC, et al. Psychometric proper-
ties of the EQ-5D-5L in patients with hip or knee osteoarthritis:​ 
reliability, validity and responsiveness. Qual Life Res. 2018;​27(11):​
2897-2908.

	44. Jüni P, Hari R, Rutjes AW, et al. Intra-articular corticosteroid 
for knee osteoarthritis. Cochrane Database of Systematic Reviews. 
2015(10).

	45. Bannuru RR, Natov NS, Dasi UR, Schmid CH, McAlindon TE. Thera-
peutic trajectory following intra-articular hyaluronic acid injection 
in knee osteoarthritis—meta-analysis. Osteoarthritis Cartilage. 2011;​
19(6):​611-619.

	46. Laudy AB, Bakker EW, Rekers M, Moen MH. Efficacy of platelet-
rich plasma injections in osteoarthritis of the knee:​ a systematic 
review and meta-analysis. Br J Sports Med. 2015;​49(10):​657-672.

	47. Jensen KT, Rabago D, Best TM, Patterson JJ, Vanderby R. Early 
inflammatory response of knee ligaments to prolotherapy in a rat 
model. J Orthop Res. 2008;​26(6):​816-823.

	48. Oh S, Ettema AM, Zhao C, et al. Dextrose-induced subsynovial con-
nective tissue fibrosis in the rabbit carpal tunnel:​ A potential model 
to study carpal tunnel syndrome? Hand (N Y). 2008;​3(1):​34-40.

	49. Yoshii Y, Zhao C, Schmelzer JD, Low PA, An KN, Amadio PC. 
Effects of hypertonic dextrose injections in the rabbit carpal tunnel. 
J Orthop Res. 2011;​29(7):​1022-1027.

	50. Yoshii Y, Zhao C, Schmelzer JD, Low PA, An KN, Amadio PC. Effects 
of multiple injections of hypertonic dextrose in the rabbit carpal 
tunnel:​ a potential model of carpal tunnel syndrome development. 
Hand (N Y). 2014;​9(1):​52-57.

	51. Topol GA, Podesta L, Reeves KD, et al. The chondrogenic effect of 
intra-articular hypertonic-dextrose (prolotherapy) in severe knee 
osteoarthritis. PM&R. 2016;​8:​1072-1082.

WWW.ANNFAMMED.ORG

